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AESTEACT 

Fiber optic communications (communications over very 
pure glass transmission channels of diameter comparable to a human 
hair) is an emerging technology which promises most improvements in 
coft municdticns capacity at reasonable cost. The fiber transmission 
sysr.em offers many desirable characteristics representing 
improvements over conventional coaxial cable used in the transmission 
of t^>levisicn (video) signals, namely: superior bandwidth, immunity 
from electromagnetic interference, electrical isolation, small size, 
light weight, high strength, bendable, corrosion resistant, 
negligible crcss-talk, privacy, transmission properties nearly 
independent of temperature, humidity, vibration, and potentially 
lower cost with adegi^ate supply of raw materials. Fiber cables can be 
readily installed in ducts and conduits with significant savings in 
space. Intended as a rerource statement of technology readiness and 
potential future implications of fiber optics, this paper b:- iefly 
describes fiber optic communications by its characteristic major 
components; mentions some future developments which may have 
significant impact on broadband communication services; describes 
some coming trends in communications which may make fiber optic 
communications very desirable; and discusses and compares some fiber 
optic communications with existing technology for applications in 
rural broadband communication systems. (Author/NQ) 
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Communications 

and 

Rural America 

J 11 A^jril 1970, the Office of Technoloj^y 
Assessment (OTA) of the U.S. Conk^ress 
issmnl a staff report entitled The Feai^i- 
hilihj and Vahic of Broadband Com muni- 
cntio/is in Rural Areas. The purpose of the 
conference is to exiend this effort by: 

• (/onsideririK a broader ran^e of commu- 
nications technologies which might be 
used to meet rural needs. 

• Further examininK the question of 
whether sy.stcm demonstrations aimed at 
achioviuK economic viability are needed 
and if so, identifying the kind.s of dem- 
onstrations which might be undertaken. 

• Further examinihg whether rural inter- 
cs'lS have been adequately considered in 
existing I* oderal communications policy. 

The outcome of this cfTort will be a re- 
port incorporating the information and 
points of view presented at the conference. 

( V> 1 1 g re ss i o n a ] I n t e r e.s t 

The conference is being held in response 
to a rcHiuest for additional information on 
rural communications from Senator Her- 
man Talmaclge, (chairman of the Senate 
Agriculture Committee, as approved by the; 
12 member Technology Assessment Board 
of the U.S. (*ongress. Seruitor Pastore of 
the Senate Subcommittee on Communi- 



cations subsequently joined Senator Tal- 
madge in support of the conference. It is 
intended that the conference will be of 
value to the U.S. Congress in its delibera- 
tions on communications policy. 

Conference Dates and Organization 

The ct)nf(M'ence will convene for 3 days, 
November 15-17, 197G, with about 60 in- 
vited participants. For the first 2 days, 
participants will be equally divided among 
three panels which will meet in parallel. 
Each panel will concentrate upon a spe- 
cific topic addressed in the OTA report as 
follows ; 

• Panel 1, Rural Development and Com- 
munications, 



Panel 2. 



Technology, 
Services. 



Economics, and 



• Panel 3. Federal Policy. 

On the third day, particip^mts from all 
three panels will meet tojrether to exchange 
and synthesize findings and explicitly ad- 
dress the question of rural system dem- 
onstrations, 

Cosponsoring Institutions 

The National Rural Center is cosponsor- 
ing Panel 1 (Rural Development and Com- 
munications). The Aspen Institute is co- 
sponsoring Panel 3 (Federal Policy). 
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FIBER OPTICAL COMMUNICATIONS TECHNOLOGY 
A Status Report 



Forev/ord 



The following paper is Liubmitted for review by panel 
members participating in the OTA Conference on "Rural Change 
and Communications". It is intended to serve as a resource 
statement of technology readiness and potential future implica^ 
tions of the emerging technology of fiber optics. The technol^ 
ogy has moved very rapidly from the research and developmental 
stage to demonstration phases. It has received well deserved 
publicity in the public press. The author chairs an "Optical 
Communications Task Force Working Group" entitled "Applications 
and Users". This interdisciplinary group draws expertise 
from industry, university and government organizations and 
interested users from government, industry and national associ- 
ations of various industries. The viewpoints expressed here 
are those of the author based on interactions with more than 
one hundred participants in this Working Group. 



Introduction 

Fiber optic communications, that is communications over 
very pure glass transmission channels of diameter comparable 
to a human hair, is an emerging technology which promises 
vast improvements in communications capacity at reasonable 
cost. These tiny waveguides transmit light over distances 
up to 6 or 8 kilometers witnout intermediate amplifiers using 
current technology. The fiber transmission system offers 
many desirable characteristics representing improvements over 
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conventional coaxial cable used in the transmission of television 
(video) signals, namely: superior bandwidth (capacity) , iirmmnity 
from electromagnetic interference, no short circuit problems 
(electrical isolation), small size, light v/eight, high strength, 
bendable, corrosion resistant, negligible cross-talk, privacy, 
transmission properties nearly independent of temperature, 
humidity, vibration, and potentially lower cost with adequate 
supply of raw materials (non-copper) . The installation of 
fiber cables should be no more expensive than coaxial cable 
or twisted-pair conventional telephone type cables. It can 
be readily installed in ducts and conduits with significant 
savings in space. 

Fiber optic communications is an emerging technology 
which will be described briefly by its characteristic major 
components. Some future developments v/.. ch may have significant 
impact on broadband communication services will be mentioned. 
Some coming trends in conununications which may make fiber 
optic communications very desirable will be described. Fin. illy, 
a discussion and some comparisons of fiber optic communications 
with existing technology for applications in rural broadband 
co:nmunication systems will be presented. 
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Technology of Fiber Optic Communications 

Since the components necessary to build a fiber optic 
communication system have been generally developed and manufactured 
by independent companies in the U.S. (except for one large 
telephone common carrier) , the status of the technology can 
be most readily described by the salient subsystem components, 
namely; cables, detectors, sources and connectors. Only limited 
overall communication sub-system demonstration experience 
is available at present but factors other than technology 
readiness, such as resistance to change from proven hardware, 
will most likely determine the progress of introducing this 
capability • 

Cables 

Kao and Hockhan (1966) published a theoretical paper 
describing the conditions under which optical fibers could 
be made to transmit light energy with very low loss- Maurer 
(Kapron, et al., 1970) demonstrated in his laboratory the 
feasibility of producing optical fibers with these amazingly 
low losses. Now, only six years later, several manufacturers 
have commercially available fiber cables with attractive perfor- 
mance capabilities • 

Two distinct trends in fiber optic cables have been pursued, 
namely, bundle and single fiber. Initially, the tiny glass 
fibers were fragile and the technology required that 60 to 
100 fibers be loosely packed inside a plastic cover or sheath 
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to ii:.;:.;urc ii r'tjtisoruibl y hicjh perucin tacju ol u'Oii L.i nuouu f ibvM Li 
over: ionqthij of d few hundred meters. These bundles were 
rulcitively ecisy to illumirit-^te v/itli low-cost liyht emitt.itu] 
..lode sources which could be readily modulated. I'hir; bund Jo 
technology has been developed and has proven very useful for 
shcrt-haul communication links for shipboard and avionics 
applications. 

For these applications which are generally less than 
100 inuLers in length, so-called medium loss fiber bundles 
(50-100 dI3/km) are very useful. Such cables miglit be used 
commercially to interconnect terminal devices with computers 
or central aistribution panels in a building such as hospital 
or school. For disfe^nnes -greater than 100 meters, so-called 
low-losfe (less than 20 dB/km) single fiber cables are required. 
Such cables sir"^ available with 6 to 10 single Cibers plus 
tensile strength members in a protective sheath. The handling 
and stri^rt^Tl ^rc^^ve-rties of such cables, approach that of conven- 
tional metallic cables. The outside diameter of the resultant 
cable i's mDo(-ft 5 %ut11^ ^he iniportant parameters of these low- 
loss c^ble-s are at^t^ehtlation (dB/km) and.- dispersion (nanosecords/kn^) . 
Attenuation dcteirmi^bs ^the signal diminution and dispersion 
der^ehHrnine^-' the- si^kl^ 'distortion . Together, these parameters 
determine the Tnti^i-imun^' number of opticali pulses per second 
or the number of channels of information (vpice, video, d=ita, .. 
facsimile, etc.) which can be transmitted and the maximum, 
distance that the signal can be transmitted withort amplification 
(repeater) . 



metrical t;iqnals roprosentinq the inf ornuil ion to 
transmit tcHl (voico, video, data, . . .) must be translated 
into optical signals wh'ch are coupled into the optical fiber:; 
for transmission on the system • P'^or relatively low information 
rates (lesc" nan 10 million bits/sec) a light emitting diode 
(LED) , similar to the illumination sources used in many digital 
watches and hand calculators which have become so popular 
in the last two or three years, are used. Such sources have 
been developed and used very successfully with the bundle 
cable systems. The single fiber cables are capable of handling 
much higher information rates (500 million bits/sec have been 
demonstrated) but require a semiconductor laser diode source 
to provide sufficient optical power at such high information 
rates and to reduce the difficult coupling of the power into 
the single fibers. The multi-channel cables can be used as 
independent channels or as a single channel with redundant 
paths . 

For the extreme bandwidths (information rates) claimed 
in the popular trade press of 1000 television channels, the 
only sources available are . uphill ticated lasers which at 
present would have a lif eti: • ^ of ;oout 200 hours. Such claims 
are realizable only in future applications. More will be 
said later on this potential . 
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iU' LiliVi^ly li.' soni i -coiuluctor cietocLor:; tiro av.i i 

which are rt?adily nutchoci to t;ho fiber cable;; to detoct: 1 icjlit 
enerijy t rarusnii t tucl by thu fiber from the uourco (icfiC^ribcd 
above. These photo diode (PIN detectors) devices are well 
developed and are readily adapted to the bundle cables mentioned 
above. For the lony haul, single fiber cables, so-called 
avalanche photo diodes (ADP) are desirable because they are 
much more sensitive than the above diodes. Again, commercially 
available devices appear to be adequate for many system implcnon- 
tations . 

Finally the extreme bandwidths mention-! above require 
sophisticated (and expensive) detectors called crossed-f ield 
photomultipliers which require considerable expertise to operate 
and maintain. Again such detector applications are not viable 
for the potential applications envisioned here, at least within 
the next 10 years • 

Connectors 

Fiber cables must be spliced, interconnected and coupled 
to the source and receiver equipments in any actual system 
applications. Requireir ants of vary strict mpchanical tolerances, 
extreme cleanliness and the need to apply optical craftsmanship 
to the handling and working of the cables during the splicing 
and interconnect operations has been particularly challenging 
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, ' :s.- 1 .1 I I ! . . I 1 l\r I n» . 1 I • I i 1 »r J ^ i.l » h , i lu- i luin : . t i y i : . r .i Ji h 1 j y 
it ;:tw:.; , I J . I ♦ ! 1 j , M« 'ii 1 < 'H ' . : . < ) I u t I < ' n : i to t lu*:»t ♦ t I M :lif » ^ 1 ( M I 1 r, I I ( »? » I f mi*: . 
() t in,M o| ■ t I ' • I i ( M )in «n t :i ti M * \nh in; ^i^'Vi» 1 < >) ( t lui ( will | < ! lu i t 
jii.iii'/ 'WCi!:; iTi'i.i I t.,<';it,i ii I'lKr U.> i^ioviJc 1(k,mI (i i :.t I 1 < 'M 

l() ]u;nu.'s, nil *C'*:., and ] i \ui.'i m .-i k! l? n L LiM*n.inai ch.v'j,cr';. 

Vi.<j<)ious t.'l limi ts hy many uovornmenL and industricii lal.'or.i- 
tories have bcM.-n dircctiod Loward the development of the necen:.;<iry 
components to l^ui Id iliLv.r optic conununicd tion links. The 
b<isic en'j 1 ML-er m^j ^^ri nci[>lt;i; for iiysteiu desiijn liavo been publih'luM 
(Gall.iwa, 1970), tr^.de-off studies to compare cost ond opera Lion. i 1 
parameters with conventional technology fo- various application:', 
have been done (Gallawa, et al., 1975 SLraus, et aJ . , li)75) , 
and many comiiuin i ca t ion link demonstrations have been accomplished 
(Crombie, et al., 1976). A new town project in Japan is under- 
way to use fiber optic communication technology to provide 
a video mfuraiation systtJiu to some four 'nundred liouseholds 
(Hollowell, 1975-1976). The current status then for system 
applications is that the technology is basically ready and 
demonstrated but system demonstrations are just getting underway » 

Fu tur e Dove lopmen t s 

In looking at the application of broadband communications 
for new services described in Chapter xl of the OTA report 
(Mills, et al», 1976), there is a menu of several potential 
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services which place varying demands on the communication 
system. The systems approach reconimended that aggregates 
these many services for distribution on a common broadband 
network is a departure from past demonstration projects. 
A design philosophy of meeting the needs of a particular service 
at minimum cost and with a telecommunication system specifically 
adapted to that service or the service specifically adapted 
to an existing telecommunication system has been followed. 
The concept of looking at the total needs, future poteiitial, 
and available resources for a rural area and then exercising 
models to design a system that is economically viable consider- 
ing total needs and available resources is a commendable approach. 
In planning such communication systems one should assume that 
additional innovative services not yet defined will be developed 
by the user community after a reasonable exposure to the advan- 
tages of this new technology. Therefore, special attention 
should be given to providing adequate capacity where feasible 
to accomodate future needs. 

Some trends in telecommunications that cause fiber optic 
communication technology to be attractive include the following: 
1) Digital communications. The extensive growth of computers 
and the need for transmission of information already formatted 
in digital language, is creating changes in telecommunication 
networks on i world-wide basis. 2) Advanced switching. The 
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application of comouters and associated technoiugy (e.g., 
microcircuitry ) in s^vitchiug; management/ and control of wide- 
band iietworks make possible the potential delivery of multiple 
services on a common network as implied by the rural community 
needs. 3) User Acceptance. The acceptance of new services 
such as telemedicine requires that the technology be as "trans- 
parent" as practicable. That is, the communication system 
should not create new problems for accomplishing the desired 
results. Also, the connotation that outdated technology is 
good enough for lesser developed countries has been rejected 
in the international marketplace and should not be tried in 
rural telecommunication experiments in this country; 4) Communi- 
cations Capacity. The transmission of voice and video signals 
by digital techniques requires much more bandwidth. For example, 
a voice channel requires a nominal bandwidth of 4 00 0 Hertz 
when transmitted in analog form which is used in today's switched 
network telephone local distribution system. The same signal 
require^s at least 64 , 000 bits in digital format. Although 
there is not a one-to-one relation between Hertz a..d bits 
per second, the expansion of 16 to 1 is not very misleading. 
Extensive efforts are being made to lower this bit rate. 
Similarly, a color television signal requires a nominal 6 
million Hertz br ::width in the present analog transmission 
format but requires about 90 million bits/second for good 
quality digital transmission. This indicates that all-digital 
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transmission of the proposed se::vices v/ill require greater 
bandwidth than current transmission technology is using. 
The increased volume of digital information in the form of 
computer communications, facsimile transmission and business 
communications, which might be called electron! : message services, 
will require the kind of potential bandwidths offered by fiber 
optic technology. 5) Direct Reception Satellites. The advent 
of dedicated small earth terminal satellites at very high 
frequencies in the electromagnetic spectrum for massive distri- 
bution of business, educational, and entertainment services 
portend extensive use of digital communications, particularly 
if satisfactory local distribution systems become available. 
6) Integrated Optics. Optical communications technology 
currently in the research phase (e.g., so called integrated 
optics, optical repeaters, special power sources, optical 
filtering and switching) clearly promise the potential for 
super electronic highways capable of assimilating not only 
the kind of services now on the horizon but will permit the 
growth and expansion of new terminal devices that will open 
up new services not now available. 

Comparison of Fiber Optics with Existing Broadband Technology 

Since no operational fiber optic systems for broadband 
distribution exist at present, it is difficult to provide 
quantitative comparisons. A primary reason for this lack 
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of den)onsur.j.tfc;d capability sttifiiS froij\ the cost of the optical 
cables and cotuponents. liigh costs in turn, are a result 

of low jjrodnc+.ion volumes wiiicli do not reflect expected economies 
of scale, for example, current, pr.^'ces on Low-loss fiber cable 
are roughly $2 per channel meter with volume prices dropping 
to $1 per channel meter for orders reaching 50 km lengths 
during one yeax'. Projections by responsible representatives 
of the industry indicate that the price should drop to 30<^ 
per channel meter in full production quantities. Similar 
prices for coaxial cable needed for broadband distribution 
range from $3 per meter required for wideband trunking to 
.30<^ per meter required for local drops. Copper for the metallic 
cables and wi re will continue to ' ■• ^. diminishing resource 
and one can expect the costs to concinue to rise in the future. 
Based on raw materials cost at present, the cost of copper 
necessary to maKe a 1 kilometer length of shielded twisted 
pair cable is about $1.50 per kilometer of cable; whereas 
the cost of 9-lass necessary to produce a similar cable of 
vastly superior performance characteristics is $0.50 per kilom- 
eter. 'I'he cabJing (packaging) costs of the two is about compa- 
rable. The promise of low-cost optical cable rests primarily 
on the genaratioj'i of adequate markets to bring about full 
production- 

The CvOst of cable far rural applications may well be 
a controlling factor in the selection of the transmission 
mediujiJ because of the distances involved. The costs of switching 
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and control and ii-iitial installation costs however, wi 1 likely 
be much greater than the cost of cable and components. The 
advantages of multichannel fiber cables to provide tv-o-way, 
wideband (video) capacity as well as independent channels 
for redundancy, privacy, multiplexing, future expansion, etc. 
clearly make this technology attractive. The light weight 
and small size also provide great savings in installation 
cost and complexity. 

Fiber Optics Applied to Broadband Rural Communications 

The regulatory requirement of 20 channels for cable tele- 
vision has not proven to be economically viable even in metropol^ 
itan areas with high subscriber densities. The installation 
costs of a cable system, however, make the inclusion of additional 
channels at the initial installation very desirable. The 
use of fiber optic distribution systems should make this much 
more attractive than conventional coaxial systems. The long 
distance between repeaters in the fiber system should also 
make it attractive for rural applications just as the use 
of fiber optics in interoffice trunks for the telephone system 
is the mos t attractive first applications in that system . 

For really cost effective fiber optic transmission systems, 
it will be necessary to consider the development of a complete 
optical system rather than replacing only transmission lines 
or links- in conventional cable systems. The development of 
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coiiUJutorij ai^cl t.eriniruil clevvces ia ac(.;ept libc^r cor .iuc ti on53 
direct] y ratii^^r than thrcjugli an e.lc'Lronics- to-optiGS interface 
shoulci provide econoiiiios in the futurej. Replacement ol current 
teiev dion set^ with receivers capable of processing only 
the vi^ 'JO information (eliminating t:he tuner and other amplifier 
portions of the set) is potentially a very cost effective 
means of reducing costs. An argument by the manufacturers 
for not cioing tliis in the past has been the electrical hazard 
of making connections to the chassis which is connected directly 
to the 110 volt power source. The use of fiber optics with 
its total electrical isolation should eliminate this objection. 

It is apparent then, that not only should the rural broad- 
band services be designed using a systems approach, but the 
design of the plant to deliver the services along with the 
terminal devices that interface with the users should receive 
similar systems planning. 
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